Test (Tuokko, Hadjistavropoulos. Miller, Horton, & Beattie. 1995 Portions of this study were presented at the biannual meeting of the Pacific Northwest Alzheimer Disease Symposium, Portland, OR (April, 1995). Part of the data reported in this article was collected under the auspices of the Canadian Study of Health and Aging (CSHA). This study was funded by the Seniors' Independence Research Program, administered by the National Health Research Development Program of Health Canada ). The CSHA was coordinated through the University of Ottawa and the Canadian Government's Laboratory Centre for Disease Control. The authors would also like to acknowledge all of the staff from across Canada who were involved in the CSHA. Most importantly, we wish to express our appreciation to the men and women who graciously agreed to take part in the CSHA and the current study.
approximately one-third of those over 84 years. Much of the concern regarding these estimates is due not only to the number of existing cases but the extent to which the prevalence of dementia is expected to increase in coming years (Skoog, Nilsson, Palmertz, Andreasson, & Svanborg, 1993) .
Based upon recent census data, persons over 84 years constitute the fastest growing segment of the Canadian population (Statistics Canada, 1992) . As dementia is most prevalent among this age group, a rise in the number of persons with dementia is anticipated not only as a general trend seen in an aging population, but also because of expanding ranks at the upper end of this continuum. As opposed to the exception, these Canadian demographics likely mirror those of most other western nations.
Despite the concern raised by this rising tide (Ineichen, 1987) , existing studies suggest that dementia is recognized less than 50% of the time by general practitioners in the community (McCartney & Palmateer, 1985; Price, Birge, Riggs, & Michael, 1990; Rubin, Glasser, & Werckle, 1987) . Watson, Arfken, and Birge (1993) , contend this is largely due to a reluctance to fully assess cognitive functioning with existing screening measures.
Considering that upwards of 80% of persons with dementia continue to live in the community (Jeans, Helmes, Merskey, Robertson, & Rand, 1987) , it is imperative that health care professionals are able to screen for cognitive dysfunction. Thus valid and reliable screen!ng measures are required which can be accurately and sensitively administered to older adults.
Tasks involving clock drawing have long been used by neurologists and psychologists in the assessment of constructional apraxia. Linked to temporal lobe dysfunction, this brain region is among the first affected in typical presentations of Alzheimer disease (Katzman & Jackson, 1991 ) . As a result, various clock drawing techniques have been developed in recent years to serve as dementia screening measures (Anderson, Dobbs, & Rule, 1990; Doyon, Bouchard, Morin, Bourgeois, & crtr, 1991; Libon, Swenson, Barnoski, & Sands, 1993; Mendez, Ala, & Underwood, 1992; Rouleau, Salmon, Butters, Kennedy, & McGuire, 1992; Shulman, Shedletsky, & Silver, 1986; Sunderland et al., 1989; Tuokko, Hadjistavropoulos, Miller, & Beattie, 1992; Watson et al., 1993; Wolf-Klein, Silverstone, Levy, Brod, & Breuer, 1989) .
It is believed skills such as clock drawing and clock setting encompass several domains of higher cognitive functioning. These include visuospatial skills which often are the primary deficits evident among patients in the early stages of a dementing illness (Moore & Wyke, 1984; Schlotterer, Moscovitch, & Crapper-McLachlan, 1984; Wilson, Kaszniak, Bacon, Fox, & Kelly, 1982) . It has also been suggested that clock drawing is less likely to be confounded by premorbid intelligence, language, ethnicity and educational attainment as compared to other measures of cognitive functioning (Shulman, Pushkar Gold, Cohen, & Zucchero, 1993) . Tuokko et al. (1992) suggest that specific clock drawing errors such as omissions and number misplacement are especially sensitive in discriminating between normal elderly and those with Alzheimer disease. Like all other studies to date, however, this study includes demented subjects at all levels of severity and does not specifically focus on those early in the course of the disease. As health care professionals first contact is most often with mild or moderately impaired adults, the utility of a screening measure is more thoroughly (and rigorously) assessed by targeting those with more subtle cognitive deficits.
This forms the primary objective of the current study. To further assess the utility of the Clock Test (Tuokko et al., 1992) , an examination of the type and quantity of errors made prior to diagnosis of neurodegenerative illness was conducted to assess the predictive validity of this screening measure. This longitudinal methodology was chosen to identify differences between non-demented subjects and those early in the onset of dementia. 
METHOD

Subjects
Fifty-nine subjects were recruited for this study (30 men and 29 women) at the Clinic for Alzheimer Disease and Related Disorders, Vancouver Hospital and Health Sciences Centre --UBC Site. Persons from all regions of British Columbia are referred to this tertiary diagnostic facility by community physicians. Over a 2-day period, patients and their caregivers meet with professionals from varied disciplines. These include geriatric medicine, speech pathology, neurology, neuropsychology, social work, genetics, and psychiatry.
Diagnoses are subsequently made consistent with NINCDS-ADRDA (McKhann et al., 1984) and DSM-IV (American Psychiatric Association, 1994) criteria. According to Katzman and Jackson (1991) , the validity of diagnoses for Alzheimer disease exceeds 90% within multidisciplinary settings.
Participants were assessed at least twice and did not meet diagnostic criteria for dementia at the time of their initial assessment. As shown in Table I , slightly more than 22 months was the average duration between assessment dates.
Among this subject pool, 22 subjects were diagnosed with Alzheimer disease (n = 18) or other dementing illness (n = 4) at the time of their second assessment. The remaining 37 subjects again did not meet diagnostic criteria at time two. There was no gender difference between the percentage of patients determined to be demented at time two (X2(4, N = 59) =.14, p = .71) nor was there a difference between groups in educational attainment (t(59) = 1.37, p = .18). This ratio of persons who met dementia criteria (37/63) roughly corresponds to a previous longitudinal study by Tuokko, Weir, and Beattie (199l) conducted within this facility.
The Clock Test
The Clock Test, developed at the Clinic for Alzheimer Disease and Related Disorders (Tuokko et al., 1992) , has been administered to approximately 3,000 older adults over the past 6 years. In addition to clock drawing, the ability to read and set a series of clocks of varying levels of complexity is also assessed (Tuokko, Hadjistavropoulos, Miller, Horton, & Beattie, 1995) .
Subjects are first presented with a pre-drawn circle and asked to write all numbers as they would appear on the face of a clock. Next, the patient is asked to draw in the hands of the clock to read 10 past 11. They are then presented with five additional circles where dashes Within each of these circles, the patient is asked to place the hands on the clock to read a specific time (i.e., 1:00, 11:10, 3:00, 9:15, 7:30). Finally, a series of five pre-drawn clocks with hands present are shown and the patient is asked to read the time indicated. See Tuokko, Hadjistavropoulos, Miller et al. (1995) , for a complete description of Clock Test administration and scoring. Clock drawing is scored on the basis of number and hand placement in the first circle shown. Performance is assessed within seven discrete categories as this allows for identification of specific error types (see Table 2 ). For addition and distortions, errors are coded as present (1) or absent (0); for number, number placement, and number rotations, a maximum error total of 12 is possible. There is no ceiling for perseverative error types (e.g., repetition or sequence of numbers). A score of zero represents error-free performance with no predetermined maximum error total. An error total maximum of 41 was recorded for one patient in a recent study by Tuokko, Hadjistavropoulos, Rae, and O'Rourke (1995) .
For clock setting, a score up to three points for each time set is given. A perfect score reflects the correct placement of each hand and a discrepancy in the relative length of at least 5 mm between the hour and second hands.
Clock reading is assessed by the final series of five clocks where the hands have been pre-drawn (i.e., 3:00, 7:30, 1:00, 9:15, 11:10). Again, a maximum score of three points for each of the five clocks represents a perfect clock reading score.
One point is given for reading the minute hand correctly, one point for reading the hour hand correctly and a final point for identifying the correct time. Thus, if two points are obtained on a given clock, the third is received automatically.
In total, the complete Clock Test can be administered and scored within 20 minutes. More detailed than other scoring systems (cf. Watson et al., 1993; Wolf-Klein et al., 1989) , the Clock Test assesses specific error types in the clock drawing task (see Table 2 ). As clock drawing may also show some decline with normal aging (Borod, Goodglass, & Kaplan, 1980; Farver, 1975; Goodglass & Kaplan, 1983) , the identification of specific error types more common among demented persons is particularly salient.
The Clock Test is uniquely suited to this task. Unlike more general scoring procedures, categorization of specific error types allows for more discrete inter-group comparisons. As opposed to simply tallying the number of errors made (cf. Rouleau et al., 1992; Sunderland et al., 1989) , the Clock Test allows for comparative analyses within seven discrete clock drawing sub-categories.
Various studies over the past 6 years have examined the psychometric properties of the Clock Test showing good inter-rater reliability (Tuokko et al., 1988; Tuokko, Hadjistavropoulos, Rae et al., 1995) , intra-rater reliability (Tuokko, Hadjistavropoulos, Rae et al., 1995) , test-retest reliability (Tuokko, Hadjistavropoulos, Rae et al., 1995) and discriminant validity (Kurzman, 1992; Tuokko et al., 1992) .
The concurrent validity of the Clock Test has also been adequately established. Tuokko et al. (1992) , have shown that clock drawing, setting, and reading errors effectively differentiate demented persons from control subjects (t9 < .001). Using cut-off scores to maximize separation between groups, the sensitivity and specificity relative to a diagnosis of Alzheimer disease were 92%, 86%, 87% and 97%, 92%, and 85%, respectively, for clock drawing, setting, and reading error types.
Using deficits on two or more of these tasks as grouping criteria, sensitivity and specificity increased to 94% and 93%, respectively.
Procedure
As part of a standard neuropsychological assessment, subjects were given the Clock Test at the time of their initial visit. This interview was conducted by a technician or psychology intern trained to administer this measure and blind to the hypotheses of this study. Note, however, that the psychologists who later interpreted the Clock Test scores (and all measures in the assessment battery) are active participants in the multidisciplinary conference in which patients are diagnosed. Yet this is only one measure within an extensive neuropsychological battery composed of several assessment devices. Although Clock Test scores contribute to a more complete understanding of the patient's cognitive status, on its own it is unlikely any single measure would constitute the primary factor contributing to a specific diagnosis.
RESULTS
A series of t tests were computed to examine the relative difference in clock errors between groups as measured at time one. Bonferroni correction for multiple t tests was used to protect the integrity of the alpha level. Significant between group differences were evident for clock drawing, setting, and reading (see Table 3 ). This was most notable for setting and reading errors, yet clock drawing error totals were also significantly different even with this more stringent alpha level of .02 (i.e., ct = .05/3 comparisons). Specific to clock drawing errors, this was further examined for each specific error type (see Table 4 ). Only substitution errors significantly differed between groups (t(59) = 2.83, p = .01) despite the significant difference for total clock drawing errors.
Cut-off points were derived in order to maximize sensitivity and specificity of the Clock Test. In this instance, sensitivity is defined as the correct grouping of subjects later diagnosed as demented as compared to the correct exclusion of subjects who continue to be assessed as not demented (specificity). A combined cut-off point of fewer than five errors at time one appropriately grouped 84% and 73% of subjects, respectively. This was further examined by identifying cut-off points for each subtest. Using a criterion of deficits on two or more of the three components (drawing >2 errors, setting > 1 error, and reading > 1 error), sensitivity and specificity percentages, respectively, increased to 91% and 95%.
To this point, it must be noted analyses have not taken into account the age difference between groupings [i.e., initial age of patients not demented at time two: M = 60.3 (SD = 10.7); initial age of patients demented at time two; M = 70.5 (SD = 9.5)]. Subsequent multivariate analyses were used to determine the impact of this significant age difference (t(59) = 3.66, p < .001).
Hierarchical multiple regression was performed using SPSS x REGRESSION (SPSS Inc., 1988) with time two group membership as a dichotomous, dependent variable. To test the independence of residuals, scatterplots were first produced. As residuals were normally distributed about predicted group membership scores, this suggests normality, linearity, homoscedasticity and independence of residuals. Because of the extended period over which interviews occurred, the Durbin-Watson statistic was calculated as a measure of autocorrelation of errors over the sequence of cases. The value of d was determined to be 2.14 (not significant at the .05 level), indicating no autocorrelation between numerically ordered cases. Finally, multivariate outliers were identified using Mahalanobis distance of each case to the centroid of all cases. With four degrees of freedom (i.e., the number of independent variables) a chi square (×2.95) value of 9.49 necessitated the removal of four subjects prior to subsequent analyses. This provided a revised sample of 54 subjects. Though relatively low, this subject to independent variable ratio exceeds a required minimum (Tabachnick & Fidell, 1989) .
With age entered as the first block, the discrete significance of each component of the Clock Test was no longer evident. However, this second grouping of variables entered as a block resulted in a statistically significant increase in accounted variance relative to time two Table 5 ). Due to the relatively small subjects to variable ratio, cross-validation shrinkage was calculated for this regression equation (Wilson & Reynolds, 1982) . With four dependent variables and a sample size of 54 subjects, RZT = .31. This square multiple correlation remains significant (t(54) = 2.36, p < .05) suggesting the significance of the regression equation reported here is not due to large, chance correlations.
In place of a total clock drawing score, each error type along with clock setting and reading errors were included within a multivariate analysis of covariance (MANCOVA). This technique again corrected for significant between group age differences.
Due to high intercorrelation among independent variables, a more stringent alpha (c0 level was chosen for univariate analyses. This was done to control for an inflated Type I error rate. Where eL = .006 (i.e., .05/9 independent variables), clock setting and drawing substitution errors differed between groups. It is noteworthy that clock reading is no longer significant with this more stringent alpha level (F(1, 51) = 7.07, p = .011.
As also shown in Table 6 , multivariate analyses revealed a significant between group difference (T 2 = .60, p < .01). After controlling for age differences, initial Clock Test scores appear to substantively differ between groups on the basis of time two diagnosis.
Approached alternately (i.e., reversal of independent and dependent variables), hierarchical discriminant function analysis was computed to determine the percentage of subjects accurately grouped at time two. This was initially found to be 87% on the basis of total time one clock errors. Controlling for the age difference between groupings, however, reduced this to 74%. In both cases, this is markedly greater than chance alone (X2(2, N = 54) = 14.53, p < .001).
Alzheimer disease and related disorders are defined, in part, by the insidious onset of symptoms. As noted by Selkoe (1992) , the neuritic plaques and neurofibrillary tangles that characterize these illnesses may be evident 10 to 20 years prior to diagnosis. As there is still no definitive procedure to identify these disorders among living patients, variability exists as to when clinicians are willing to apply a diagnostic label. For instance, it is conceivable that those patients later receiving a dementia diagnosis in this sample may have been diagnosed at time one within another facility. To assess this possibility, these subjects were compared with cognitively intact older adults from the Canadian Study of Health and Aging (CSHA Working Group, 1994) . In all regions (except Ontario), persons over 64 years of age were randomly selected for this study from computerized provincial health records. As these sources represent the vast majority of persons in the population, it is quite probable the derived sample is highly representative of all older Canadians.
The Clock Test was administered within selected study centers during the neuropsychology assessment. An initial grouping of 296 CSHA participants were identified who were determined to be cognitively intact subsequent to full clinical assessment. From this pool, subjects were matched by gender and education with the 59 subjects derived for this present study. Because the CSHA excluded subjects below 65 years of age and purposefully over-sampled older age groups, it was not possible to match subjects by age as well. With a mean age of 76.6 years (SD = 7.0), the CSHA grouping differs significantly from the clinic sample (t(l18) --7.19, p < .001).
As shown in Table 7 , no difference between groups is evident for clock drawing or reading errors. However, the CSHA sample obtained significantly more clock setting errors as compared to the clinic sample. Though likely confounded by significant age differences, these comparative analyses attest to the relative normality of the clinic sample at time one. As compared to a randomly derived national sample of non-demented persons, subjects assessment in this clinic obtained relatively few clock errors at the time of their initial visit.
The comparatively low level of clock errors within the clinic sample provides further support for the predictive validity of the Clock Test. As compared to control subjects randomly derived from a national sample of cognitively intact older adults, it would appear the clinic sample presented as relatively intact at the time of their initial assessment. This is a reasonable assertion considering previous research supporting the concurrent validity of the Clock Test (Tuokko et al., t992) . Also significant, differences in Clock Test scores were not sufficiently pronounced at time one to distinguish this sample from the CSHA control subjects. Though initial Clock Test errors appear to effectively differentiate subjects on the basis of time two diagnosis, these score differences were not sufficiently pronounced to distinguish the full grouping of clinic subjects from the CSHA comparative sample. In fact, the subjects recruited for the current study obtained significantly fewer errors at the time of their initial assessment as compared to control subjects. This further attests to the sensitivity of the Clock Test as a screening measure as the minimal difference in time one performance remained sufficient to predict subjects' subsequent diagnosis.
DISCUSSION
The results of this longitudinal study provide strong support for the predictive validity of the Clock Test. Among a group of non-demented subjects, clock drawing, setting, and reading errors at time one effectively differentiated those later diagnosed with dementia as compared to those who remained non-demented. Using deficits on two or more subtests, sensitivity and specificity was found to be 91% and 95%, respectively. As previously noted, these percentages are markedly greater than those obtained for combined error totals.
This difference between sensitivity and specificity rates may reflect the differential course of dementing illnesses. Particularly in the initial stages, patients do not present with uniform deficits but often show idiosyncratic test performance depending upon the specific brain regions affected. This supports the need for screening measures that tap various facets of cognitive functioning at varying levels of difficulty. It would appear clock drawing, setting, and reading may serve this function.
It should be noted, however, that a significant age difference distinguishes the portion of subjects who went on to dement from the remainder of the clinic sample. This impacts the sensitivity and specificity percentages which fall markedly subsequent to age correction (though still significant at 74%).
Related to this point, this study has erroneously assumed that subjects assessed at two points who do not meet diagnostic criteria will remain non-demented. As noted by Tuokko et al. (1991 ) , enormous variability exists in the rate of decline of dementia patients. Thus if seen today, a percentage of this comparatively intact group might, in fact, meet criteria if assessed a third time. Clinical experience within this facility suggests that a proportion of our patients dement very gradually over many years and do not finally meet diagnostic until their third or ~brth assessment. This suggests the Clock Test may effectively identify only the majority of those who will meet criteria within a 2-year period (i.e., the average span between assessment dates among the current sample). A shortcoming of this study relates to the relatively small sample size. This has prevented splitting the group to verify derived cut-off points. Though significant sensitivity and specificity rates were obtained within this sample, it has yet to be determined if this will be replicated.
It is our expectation to apply these cut-off points to patients currently completing the Clock Test who do not meet dementia criteria within this clinic. By following these persons over time, it is hoped we will soon report additional findings regarding the predictive validity of this dementia screening measure from a prospective study. We also encourage other researchers to assess the utility of this measure within other settings and conduct similar analyses with other clock scoring procedures.
